Introduction: Fingolimod has demonstrated clinical and MRI benefits versus placebo/interferon b-1a in young adults with multiple sclerosis (MS). Here we report the long-term effects of fingolimod 0.5 mg on clinical and MRI outcomes in young adults with MS aged B 30 years followed up for up to 8 years (96 months). Methods: This post hoc analysis of pooled FREEDOMS/FREEDOMS II studies included patients who either received fingolimod 0.5 mg from randomization (immediate; N = 163) or switched from placebo to fingolimod at month (M) 24 (delayed; N = 147). The 6-month confirmed disability improvement [6m-CDI: based on Expanded Disability Status Scale (EDSS)], 6m-CDI-plus (6m-CDI?; EDSS, 9-Hole Peg Test, Timed 25-Foot Walk Test), 6-month confirmed disability progression (6m-CDP), time to EDSS score C 4, annualized relapse rates (ARRs), new/newly enlarging T2 (neT2) lesions, and annual rate of brain volume loss (BVL) were analyzed from baseline to M24, M48, and M96. Cox regression and negative binomial regression models were used to analyze measured outcomes. Results: At baseline, more than two-thirds of young adult patients were treatment naïve, had more than two relapses in the previous 2 years, and EDSS score \ 2. From M0 to M96, a significantly higher proportion of young adult patients in the immediate group (vs. delayed group) achieved 6m-CDI (58.2% vs. 30.5%, p = 0.0206) and 6m-CDI? (70.6% vs. 42.3%, p = 0.0149); significantly fewer patients reached 6m-CDP (20.1% vs. 34.7%, p = 0.0058) and EDSS C 4 (24.1% vs. 34.1%, p = 0.0041). Up to M96, young adults in the immediate versus delayed group had lower ARRs (0.16 vs. 0.38, p \ 0.0001) and a higher proportion of patients were free of neT2 lesions at M48 (31.0% vs. 5.0%, p = 0.0011). Conclusion: In young adult patients with MS, immediate versus delayed fingolimod treatment was associated with improved disease outcomes and greater long-term benefits in both disease activity and disability progression.
INTRODUCTION
Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disorder that typically manifests its symptoms in patients aged between 20 and 40 years, with a mean onset age of approximately 30 years [1, 2] . About 80-90% of people with MS experience a relapsing-remitting form of the disease (RRMS) that is often accompanied by an initially subtle subclinical progression [2, 3] . In patients with RRMS, the ability to recover from initial relapses declines with age [4] , suggesting age at disease onset to be an important clinical factor for disability accumulation [5] . Evidence from population-based studies suggests that pediatric and young patients with MS take longer to reach disability milestones, but they tend to do so at a younger age than the adult MS population [6] [7] [8] . In post hoc analyses and retrospective studies, pediatric and young adult patients with relapsing MS reported higher relapse rates (two to three times higher) and brain lesion activity compared with their older adult counterparts [9] [10] [11] . This suggests that younger patients with MS experience a more inflammatory disease course than older patients with MS.
Early initiation of high-efficacy diseasemodifying therapies (DMTs) in patients with MS is important to prevent irreversible damage that may already occur at disease onset and early in the disease course [12, 13] . Several studies have shown that early treatment with DMTs in patients with active MS provides better disease control by reducing relapse activity and disability accrual when compared to delayed therapy over the long term [14] [15] [16] [17] [18] . However, despite significant disease burden, use of DMTs in pediatric patients with MS is based mainly on small retrospective and observational studies. To date, there is only one randomized controlled study completed in the pediatric population. PARADIGMS (NCT01892722) evaluated the safety and efficacy of oral fingolimod compared to interferon beta-1a (IFN b-1a) in children and adolescents [19] . Once-daily oral fingolimod 0.5 mg (Gilenya Ò , Novartis Pharma AG) is the first-in-class sphingosine-1-phosphate receptor modulator approved for the treatment of RRMS in adult patients.
On the basis of the results from PARADIGMS, where fingolimod demonstrated significant benefit over intramuscular IFN b-1a in pediatric patients with MS [19] , the US Food and Drug Administration [20] and the European Medicines Agency [21] approved fingolimod for the treatment of children and adolescents with relapsing MS aged 10 to less than 18 years worldwide. In addition, fingolimod 0.5 mg versus placebo and IFN b-1a has demonstrated treatment benefits in young adults with RRMS on clinical and magnetic resonance imaging (MRI) measures [9] . In a post hoc analysis of data from three phase 3 fingolimod trials (FREEDOMS, FREEDOMS II, and TRANS-FORMS), fingolimod 0.5 mg versus placebo and IFN b-1a significantly reduced annualized relapse rate (ARR) and new/newly enlarging T2 (neT2) lesions in young adult patients (B 20 years and B 30 years of age) compared with the overall adult population [9] . The odds of achieving no evidence of disease activity status over 2 years was found to be strongest in the youngest patients (B 20 years of age) treated with fingolimod 0.5 mg versus both placebo and IFN b-1a [9] . Here we report the long-term effects of fingolimod 0.5 mg on clinical and MRI outcomes in young adult patients aged B 30 years who were followed up for up to 8 years in the pooled FREEDOMS studies.
METHODS

Study Design and Patients
This post hoc analysis included young adult patients (B 30 years) with RRMS from the pooled, placebo-controlled FREEDOMS (NCT00289978)/FREEDOMS II (NCT00355134) studies who were followed for up to 8 years. In the core phase, patients were randomized to fingolimod 1.25 mg or 0.5 mg or placebo [16, 22, 23] . After 24 months, patients who had received fingolimod in the core phase continued to receive the same dose and those who had received placebo were re-randomized to fingolimod 1.25 mg or 0.5 mg. Patients who were re-randomized to 1.25 mg were subsequently switched to 0.5 mg.
For the purpose of this post hoc analysis, we compared patients randomized to and continuously treated with the approved dose of fingolimod 0.5 mg (immediate fingolimod) versus those initially randomized to placebo and then switched to fingolimod at month 24 (delayed fingolimod). Patients initially randomized to fingolimod 1.25 mg in the core study and later switched to fingolimod 0.5 mg were excluded from this analysis. Young adult patients from the immediate and delayed fingolimod groups were also compared with the overall analysis population, which included all patients from the pooled FREEDOMS and FREEDOMS II studies. Similar comparisons were made in the overall analysis population who were grouped under an overall immediate fingolimod group and overall delayed fingolimod group, respectively.
Assessments
The key efficacy outcomes, including disability, relapses, and MRI outcomes, were analyzed from month (M) 0 to M24, M48, and M96. The time-to-event outcomes included 6-month confirmed disability improvement (6m-CDI), 6m-CDI-plus (6m-CDI?), 6-month confirmed disability progression (6m-CDP), and Expanded Disability Status Scale (EDSS) score C 4.0. 6m-CDI was defined as 6 months of confirmed EDSS score decrease by C 1.0 from a baseline EDSS score of B 5.5, or by C 0.5 from a baseline EDSS score of C 6.0. 6m-CDI? was defined as 6m-CDI or 6 months of confirmed C 20% improvement in 9-Hole Peg Test (9-HPT) or the Timed 25-Foot Walk Test (T25FWT). Disability progression, 6m-CDP, was defined as 6 months of confirmed EDSS worsening of C 1.5 if baseline EDSS score was = 0, of C 1 if baseline EDSS score was between 1 and 5, and of C 0.5 if baseline EDSS score was [ 5. The ARR was defined as the number of confirmed relapses per year. Measures of efficacy on MRI included the cumulative number of neT2 lesions, the proportion of patients free of neT2 lesions, and the annualized rate of brain atrophy (ARBA), i.e., the percentage of brain volume loss (BVL) per year. Safety data from the pooled FREEDOMS/FREE-DOMS II studies for young adult patients in the immediate and delayed fingolimod groups were analyzed on the basis of adverse events (AEs) and compared with the overall analysis population.
Statistical Analysis
Time-to-event outcomes were analyzed using Kaplan-Meier estimates and Cox regression. The Cox regression models were adjusted for sex, age, baseline EDSS score, and number of relapses in the 2 years prior to the study. Patients with baseline EDSS score B 2.0 were excluded for 6m-CDI and 6m-CDI? (ceiling effect) analysis, and patients with baseline EDSS score C 4.0 were excluded for the time to EDSS C 4.0 analysis. ARR was analyzed using a negative binomial regression model with log (time in study in years) as an offset variable and was adjusted for sex, age, baseline EDSS score, and number of relapses in the 2 years before the study. Cumulative numbers of neT2 lesions were analyzed using a negative binomial regression model adjusted for treatment, sex, age, and volume of T2 lesions at baseline. Freeness from neT2 lesions was analyzed using logistic regression models with treatment, sex, age, and baseline T2 lesion volume as the exploratory variables. If the total number of patients was less than five in any treatment group or all of the patients had the same response level in any treatment group, Fisher's exact test was performed instead of logistic regression. A linear regression model with treatment, sex, age, and normalized brain volume at baseline as explanatory variables was used to analyze ARBA, which was approximately normally distributed. Safety outcomes were summarized descriptively. Reported AEs were compared in the immediate (n = 783) versus delayed (n = 773) fingolimod group of the overall analysis population.
Compliance with Ethics Guidelines
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. Informed consent was obtained from all patients for inclusion in the study. The FREE-DOMS and FREEDOMS II studies were approved by central and local ethics committees and were conducted in accordance with the International Conference on Harmonisation guidelines for Good Clinical Practice and the Declaration of Helsinki.
RESULTS
Of the total 2355 patients pooled from the FREE-DOMS/FREEDOMS II studies who underwent randomization, 1556 patients were randomized to either fingolimod 0.5 mg or placebo (overall analysis population); 799 patients who were initially randomized to fingolimod 1.25 mg during the core study were excluded for this post hoc analysis. Approximately 20% (310/1556) of the overall analysis population were aged 30 years or less, of which 52.6% (163/310) were in the immediate fingolimod group and 47.4% (147/ 310) were in the delayed fingolimod group. The demographics and baseline disease characteristics of young adult patients aged B 30 years and the overall analysis population are shown in Table 1 . At baseline, two-thirds of the young adult patients were female, with an average age of 25 years. Young adult patients had a shorter disease duration, a lower EDSS score, and a higher number of gadolinium-enhancing (Gd?) T1 lesions than the overall analysis population. In the 2 years prior to the study, young patients had two or more relapses (at least one relapse in the previous year or at least two relapses in the previous 2 years was mandated by the clinical protocol). Baseline characteristics of the immediate fingolimod group were similar to those of the delayed fingolimod group. Time to EDSS ‡ 4.0 Compared with the delayed fingolimod group, the proportion of young adult patients in the immediate fingolimod group reaching EDSS C 4.0 was significantly lower (Fig. 3 ). Immediate fingolimod compared with delayed fingolimod reduced the risk of reaching EDSS C 4 over 96 months in all patients; however, the treatment effect of immediate fingolimod versus delayed fingolimod was stronger in the young adult patients [HR 0.48 (95% CI 0.29-0.80), p = 0.0044)] than in the overall analysis population [0.68 (0.55-0.83), p = 0.0001].
ARRs
The ARRs from baseline to month 24 were significantly lower in fingolimod-treated patients compared with placebo-treated patients in young adults and in the overall analysis population, with relative reductions of 62% EDSS, and number of relapses in the 2 years prior to the study. 6m-CDP 6-month confirmed disability progression, CI confidence interval, EDSS Expanded Disability Status Scale, FTY fingolimod, HR hazard ratio (p \ 0.0001) and 52% (p \ 0.0001), respectively. Patients in the immediate fingolimod group had consistently lower ARRs than those in the delayed fingolimod group in both young adults and the overall analysis population. At M96, patients immediately and continuously treated with fingolimod in the young adult and overall analysis population had an ARR of 0.16 and 0.15, respectively. The difference in the percentage of reduction in ARR between the immediate and delayed fingolimod groups was higher in the young adult patients compared with the overall analysis population (Fig. 4) .
MRI Outcomes
Number of neT2 Lesions
Young adult patients had a higher number of neT2 lesions compared with the overall analysis population at all time points. The numbers of neT2 lesions from baseline to M24 were significantly lower with fingolimod compared with placebo in the overall analysis population and young adult patients with relative reductions of 74% (p \ 0.0001) and 77% (p \ 0.0001), respectively. At all time points, young adult patients in the immediate fingolimod group had significantly lower cumulative numbers of neT2 lesions compared with those in the delayed fingolimod group (Fig. 5 ).
Proportion of Patients Free of neT2 Lesions
Patients treated immediately with fingolimod had a higher chance of remaining free of neT2 lesions compared to the patients in the delayed fingolimod group. The relative reduction in lesion formation was always stronger in young adults than in the overall analysis population (Fig. 6 ). Approximately 30% of young adult patients in the immediate fingolimod group were free of neT2 lesions over 96 months. In the overall analysis population, compared with the delayed group, significantly higher numbers of patients in the immediate fingolimod group were free of neT2 lesions from baseline to M48 and M96 (p \ 0.0001, for both). fingolimod groups lessened over time, but was still notable after treatment over 96 months (Fig. 7) . , and increased levels of alanine aminotransferase (15.3%). Among other AEs which were reported in less 10% of patients, epilepsy was reported in three (1.8%) patients in the young adults group compared with seven (0.9%) patients in the overall analysis population. One case (0.6%) of macular edema was reported with fingolimod in the young adult group. This was similar to the AEs reported in the immediate fingolimod group in the overall analysis population. No new safety findings were observed in the young adult patients over the long term, with the overall frequency of AEs being similar across groups.
DISCUSSION
This post hoc analysis of data from the pooled FREEDOMS/FREEDOMS II studies investigated the long-term efficacy and safety of fingolimod 0.5 mg over 8 years in young adult patients in comparison to the overall analysis population. At baseline, young adult patients were less disabled and had a higher normalized brain volume, but had more acute MRI lesions, than the overall analysis population. Relapse activity was similar in young adult patients and the overall analysis population, likely due to the inclusion criteria of the core trials, which mandated a minimum of one relapse in the previous year or two relapses in the previous 2 years. We compared patients who were randomized to and then continuously treated with fingolimod 0.5 mg with those who were randomized to placebo and then switched to fingolimod after 2 years. Baseline demographics and clinical characteristics were similar between these groups. Young adult patients had higher on-study relapse rates and higher lesion activity compared with the overall analysis population, and the percentage of brain volume loss in the first 24 months was highest in young placebo-treated adult patients. The early appearance of brain volume loss is in line with previous observations [24] and is associated with preexisting T2 lesions and acute Gd? MRI lesions in younger patients with MS [25] . Brain volume has previously been identified as an important predictor of long-term disease outcomes [25, 26] . Patients with a reduced normalized brain volume were significantly more likely to worsen earlier than patients with a high brain volume [26] .
In our study, immediate treatment with fingolimod compared with delayed treatment significantly improved long-term disability outcomes in young adult patients. Young adult patients in the immediate fingolimod group had a significantly higher probability to improve in their disability, based on EDSS alone (6m-CDI) or based on EDSS, 9-HPT, and 25TWT combined (6m-CDI?). Furthermore, the risk of 6m-CDP was significantly reduced with immediate fingolimod treatment versus delayed treatment. Young adult patients in the immediate group experienced fewer relapses and fewer lesions than those in the delayed group. Young adult patients immediately and continuously treated with fingolimod had an ARR of only 0.15 over 8 years. Our results are in line with previous observations where the benefits of fingolimod treatment on relapse and MRI outcomes are more pronounced in young adult patients compared to the overall population [9] .
Typically, patients with pediatric-onset MS experience much higher relapse rates and MRI lesion activity than their adult counterparts [11] . In our study, young adult patients had higher disease activity in terms of relapse and lesion formation compared with the overall analysis population. Evidence suggests that a AEs adverse events, ALT alanine aminotransferase, FTY fingolimod, M month, N number of patients in the analysis set (used as a denominator in percentages), n number of patients with at least one qualifying event high relapse rate in the first 2 years of the disease is associated with an increased risk of permanent disability later in the disease [27] . Patients with pediatric-onset MS take approximately 10 years longer than patients with adultonset MS to reach a phase of secondary progression and irreversible disability [28] , although they do so at a chronological age approximately 10 years younger than those with adult-onset disease [8, 29] . Although single lesions may have no clinical translation, there is ample evidence that the cumulative MRI burden as measured by persistent lesions or by a small normalized brain volume is predictive of long-term outcomes [3, 24] . Active mechanisms such as the greater adaptive-compensatory plasticity of brains and efficient repair mechanisms in young adult patients may explain the better recovery compared to older adult patients, even with more inflammation and higher disease burden [30] . Therefore, initiating high-efficacy DMTs early in the disease course in young adult patients when the brain displays greatest plasticity may improve disease control and long-term outcomes [31] . Evidence suggests that treatment with high-efficacy DMTs such as fingolimod, natalizumab, or alemtuzumab is more potent in suppressing relapse activity when initiated early compared with a delay after the diagnosis of MS [17] . Treatment delay at an early stage of the disease can significantly decrease the cumulative efficacy of any DMT that cannot be regained even with aggressive treatments at a later stage [32] . In a post hoc subgroup analysis of TRANSFORMS and FREEDOMS data, patients treated early with fingolimod 0.5 mg showed better control of the disease when compared to treatment initiation with IFN b-1a or placebo during the core phase [33] . Similarly, in our analysis, young adult patients who were continuously treated with fingolimod during the core and extension phases showed better treatment effect than those who were re-randomized to fingolimod after 2 years on placebo. The treatment benefits of fingolimod on the clinical and MRI measures of disease activity observed during the short term were sustained in the long term when initiated early in the disease course in young adult patients.
The long-term benefits of fingolimod in adult patients with RRMS have been demonstrated in clinical trials [16, [34] [35] [36] . Data from pivotal phase 3 fingolimod studies suggest that fingolimod 0.5 mg was effective in reducing relapse rates by approximately 50% compared with either placebo at the end of year 2 [22, 23] or IFN b-1a at year 1 [37] . In addition, data from phase 3 extension studies have demonstrated that improvements in overall ARR after switching from IFN b-1a or placebo to fingolimod were sustained for up to 4 years (FREEDOMS) [16] and 4.5 years (TRANSFORMS) [36] . The longterm clinical benefits of fingolimod in patients with RRMS were associated with improved MRI outcomes and lower rates of brain volume loss [16, 36] . Our analyses extend previous observations where patients continuously treated with fingolimod showed better long-term outcomes across disability and clinical measures of disease activity, supporting the long-term treatment benefits of fingolimod in young adult patients with MS.
The safety profile of fingolimod 0.5 mg reported for young adult patients in the immediate fingolimod group was consistent with that observed in the overall analysis population. The most common AEs reported for young adult patients in the immediate fingolimod group included nasopharyngitis, headache, diarrhea, back pain, influenza, and increased levels of alanine aminotransferase, which were higher compared with the delayed fingolimod group. In addition, the proportions of patients with melanocytic nevus and skin papilloma were higher in the immediate versus delayed fingolimod group. However, these rates were similar to the overall analysis population. The incidence of infections was more frequent in the immediate fingolimod fingolimod group compared with the overall analysis population. Incidence of rare AEs such as epilepsy and macular edema was low in the young adult population and was comparable to the overall analysis population. There were no cases of opportunistic infections reported. Our results are in line with previous observations in young adult patients as reported by Gartner et al. [9] .
Fingolimod is the first and only DMT to be approved for pediatric MS patients. The approval was supported by the PARADIGMS study, which showed a significant reduction of ARR, progression of disability, and MRI measures of disease activity in patients treated with fingolimod compared with IFN b-1a [19] . Despite the limitations inherent in long-term follow-up studies, the findings our post hoc analysis suggest that fingolimod can provide greater treatment benefits in patients of a younger age group compared with older patients with RRMS. The higher capacity of recovery together with highly active treatment results in better outcomes in the young adult population. Overall, within the MS continuum, starting from pediatric-onset MS, high inflammatory disease activity can be effectively treated with fingolimod.
CONCLUSIONS
The study findings provide insights into the long-term efficacy and safety of fingolimod treatment in young adult patients with MS. Considering that accumulation of long-term disability is associated with higher disease activity early in the course of MS, early initiation with high-efficacy DMTs could lead to more favorable outcomes in patients with MS. In this post hoc analysis, young adult patients had higher disease activity in terms of ARR and lesion formation compared with the overall analysis population and two-thirds of the young adult patients were naïve to treatment. The treatment effect of fingolimod in terms of improvement in disability outcomes, relapse frequency, and MRI measures was evident across the treatment groups with young adult patients showing greater benefits. Moreover, BVL outcomes support the fact that BVL occurs similarly even in early stages as in the later stages of the disease. Patients in the immediate fingolimod group showed improved long-term clinical and MRI outcomes compared with the delayed fingolimod group, emphasizing the importance of early treatment. In the absence of any new safety issues, this data supports the long-term benefits of fingolimod treatment when initiated early in young adult patients with MS.
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